Aims. We report a deep X-ray survey of the young ( ∼ 140 Myr), rich open cluster NGC 2516 obtained with the EPIC camera on board the XMM-Newton satellite. Methods. By combining data from six observations, a high sensitivity, greater than a factor of 5 with respect to recent Chandra observations, has been achieved. Kaplan-Meier estimators of the cumulative X-ray luminosity distribution are built, statistically corrected for non members contaminants and compared to those of the nearly coeval Pleiades. The EPIC spectra of the X-ray brightest stars are fitted using optically thin model plasma with one or two thermal components. Results. We detected 431 X-ray sources and 234 of them have as optical counterparts cluster stars spanning the entire NGC 2516 Main Sequence. On the basis of X-ray emission and optical photometry, we indicate 20 new candidate members of the cluster; at the same time we find 49 X-ray sources without known optical or infrared counterpart. The X-ray luminosities of cluster stars span the range log L X (erg s −1 ) = 28.4 -30.8. The representative temperatures span the 0.3 -0.6 keV (3.5 -8 MK) range for the cool component and 1.0 -2.0 keV (12 -23 MK) for the hot one; similar values are found in other young open clusters like the Pleiades, IC 2391, and Blanco 1. While no significant differences are found in X-ray spectra, NGC 2516 solar type stars are definitely less luminous in X-rays than the nearly coeval Pleiades. The comparison with a previous ROSAT survey reveals the lack of variability amplitudes larger than a factor 2 of in solar type stars in a ∼ 11 yr time scale of the cluster and thus activity cycles like in the Sun are probably absent or have a different period and amplitude in young stars.
Introduction
X-ray observations of stars have shown that X-ray emission is a common feature along the main sequence (Vaiana et al. 1981) . The emission mechanisms depends on mass: in massive O and early B type stars the X-rays are likely generated by plasma shocked and heated in stellar winds, although a role of the magnetic field is not ruled out (Lucy & White 1980; Feldmeier 1995; Babel & Montmerle 1997; Cassinelli & MacGregor 2000; Waldron & Cassinelli 2001) ; solar mass stars present coronae composed of hot, magnetically confined emitting plasma, as directly observed in the Sun (Vaiana et al. 1981) . Only B-late -A-early stars are not expected to emit significant X-rays because neither strong stellar winds nor convective regions, necessary to have a solar magnetic dynamo,
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are present in these stars. Focusing on solar mass stars, the Xray activity is strictly linked to the internal structure and the rotation. The coupling of convective motion and rotation produces the solar-type dynamo. The loss of angular momentum is the main factor leading to a decrease of X-ray activity during stellar evolution, especially in the first Gyr, although the role of other factors like stellar chemical composition or environmental forming conditions cannot be ruled out.
In this context the studies based on stellar open clusters with different properties are of great importance to better define the relevance of age differences, chemical composition and environmental influence. An open cluster like the Pleiades constitutes a prototype for the study of activity and evolution at an age around 100 Myr, given its richness and nearby location. The evolution of X-ray emission with stellar age has been studied in the last five years with XMM-Newton and Chandra Xray observatories, which provided high quality surveys of open clusters like Pleiades, Blanco 1, IC 2391, NGC 6383, NGC 188, M67 (cf. Briggs & Pye 2003 , Marino et al. 2004 , Rauw et al. 2003 , van den Berg et al. 2004 and Gondoin 2005 . In this paper we study the X-ray emission of the young open cluster NGC 2516.
NGC 2516 is a rich open cluster with an age of 140 Myr (Meynet et al. 1993) , slightly older than the Pleiades, located in the southern hemisphere at a height of ∼100 pc on the Galactic Plane. The richness of star and its relatively nearby location (about 387 pc) have motivated the growing interest in the study of this cluster both in the optical and in the X-ray band. In the optical band the photometric study of Dachs (1970) and Dachs & Kabus (1989) have shown a higher number of stars and a larger fraction of peculiar Ap stars than the Pleiades. Episodes of subsequent star formation, due to passages across the Galactic Plane or interaction with the Gum Nebula, have been also speculated by Dachs & Kabus (1989) in order to explain younger blue stragglers in this cluster. More recently, the deep photometric survey of Jeffries et al. (2001) allowed one to trace the cluster sequence down to V ≃ 20 and to build an optical catalog of 1254 photometric members. The Mass Function of the cluster is consistent with the empirical Salpeter's power law dN/dM ∝ M −1.35 but with index 1.47-1.67, depending on the assumed metallicity. The chemical composition remains uncertain for this cluster: while photometry suggests a significant underabundance of metals ([Fe/H] = -0.3, Jeffries et al. 2001) , more recently Terndrup et al. (2002) , on the basis of high resolution spectroscopy of two stars, strongly suggested a more solar-like metallicity for NGC 2516. Furthermore, these authors conclude that an age of 150 Myr and a distance modulus of 7.93 mag (i.e. a distance of ∼ 385.5 pc) are more appropriate.
In the X-ray band Jeffries et al. (1997) and Micela et al. (2000) analyzed ROSAT PSPC and HRI observations leading to 47 detections among cluster stars with spectral type from B2 down to K. The G-and K-type stars of the cluster appeared under-luminous when compared to the Pleiades suggesting the low metallicity of the cluster (estimated at that time by photometry) to have a role in determining the X-ray emission. With the advent of Chandra and XMM-Newton missions, the cluster has been studied by Harnden et al. (2001) , Sciortino et al. (2001) and Damiani et al. (2003) , confirming the under-luminosity of solar type stars with respect to the Pleiades and reporting Xray emission from several Ap stars. In M-type stars the X-ray emission was found similar to the Pleiades. The time X-ray variability of stars in NGC2516 has been studied by Wolk et al. (2004) with Chandra observations over a 2 year time span.
Unfortunately, cluster membership is determined only through photometry, since cluster proper motion is close to the solar value, making it very difficult to obtain reliable astrometric membership determination. Therefore the low X-ray emission level in solar type stars could be attributed to both a significant contamination of the cluster sample or to a real effect, related to the slightly older age of NGC 2516 with respect to the Pleiades.
In the present paper we report a deep X-ray survey of NGC 2516 obtained through a series of observations with the XMMNewton satellite. Our aim is to determine with the highest sensitivity the X-ray emission of the cluster. In particular we focus on the X-ray properties of solar type stars of this cluster and their comparison with those of the very similar and well studied Pleiades. The structure of the paper is as follows: in Sect. 2 we present the data and the analysis method. In Sect. 3 we discuss the spectral properties and the X-ray emission level of solar type stars. In Sect. 4 we compare the X-ray luminosities from XMM-Newton with those of Chandra and ROSAT. Sect. 5 gives a discussion on other stars suggested as possible new members of the cluster, based on X-ray emission and optical photometry. In Sect. 6 we give a brief summary of relevant results.
The observations and the data analysis
NGC 2516 has been observed several times with XMMNewton during the first two years of satellite operations for calibration purposes. Table 1 summarizes the relevant information of the observations we have used. They span a period of 19 months with exposure times between 10 and 20 ks. All of these observations have been performed with the thick filter. Fig. 1 shows the summed EPIC exposures (left panel) and the optical image of the same region (right panel).
The data of each EPIC detector (MOS 1, 2 and pn) have been reduced with SAS software in order to obtain tables of photons with calibrated astrometry, arrival times and energies. Subsequently we have chosen only events in the EPIC field of view, with energies in the 0.3-7.9 keV band, and that have triggered up to four pixels simultaneously. The data have been screened from high background rate intervals by maximizing the signal-to-noise ratio of weak sources. Fig. 2 shows an example of the time screening procedure for EPIC pn of observation during the orbit 0092, the worst case in our set of observations. The light curve of all photons is plotted in the top panel. Spikes are due to intervals of high background. The bottom panel shows the signal to noise ratio as a function of time. We have chosen a rate threshold that filters only the time intervals yielding the maximum signal to noise ratio in the filtered image in order to optimize the detection of the weakest sources. The derived fraction of exposure for each observation (pn exposures only) is reported in Table 1 .
Source detection and X-ray photometry derived from the sum of all the MOS and pn exposures have been obtained with PWXDetect code, developed at the INAF -Osservatorio Astronomico di Palermo, derived from the original ROSAT code for source detection (Damiani et al. 1997b,a) and based on the analysis of the wavelet transform of the count rate image. It allows one to combine data from different EPIC detectors taken in different observations in order to achieve the deepest sensitivity. The code provides estimates of the positions, total counts, rates, effective exposure times and significance of each detection.
We have chosen MOS 1 as a reference detector to evaluate rates, fluxes and luminosities. The scaling factor between MOS 1, MOS 2 and pn depends on the source spectrum, the filter used during observation and the chosen energy band. In order to properly scale the rates of pn to MOS1 despite the different efficiency, we have used the ratios of source count rates, as deduced by photons accumulated in a 15 ′′ radius circular region at the source positions. In this way we directly use the data to find the relative instrument efficiencies without any hypotheses about the source spectrum. The rates in the summed image are equivalent to MOS 1 count rates (CR) according to the following formula:
where the medians of the scaling factors r MOS2/MOS1 and pn/MOS1 are respectively ∼ 1 and ∼ 3.6, as evaluated from source count rates measured by different detectors. The exposure times used to calculate CRs are obtained from exposure maps, and thus they take into account any spatial nonuniformities due to vignetting, RGS grating obscuration, chip geometry etc.
In the combined EPIC datasets we have detected 431 Xray sources with a significance level greater than 5.0 σ, which should lead statistically to at most one spurious source in the field of view. The threshold has been calibrated by applying the source detection algorithm to 500 simulated datasets of only background photons. In Table A .1 we report the list of sources and their properties.
X-rays from NGC 2516: fluxes and luminosities
The optical catalog of NGC 2516 was built from the list of 1254 photometric members compiled by Jeffries et al. (2001) . The member selection is based on the photometry in the B, V and I bands, and 551 stars of this catalog lie in the combined field of view of the 6 XMM observations. We have added to this catalog 42 cluster stars from Dachs & Kabus (1989) brighter than V = 9.7, not present in the Jeffries et al. (2001) sample. This sample covers a ∼ 58 ′ × 54 ′ sky region, whereas the combined EPIC image covers only about 18 ′ × 25 ′ , centered on the core of the cluster (cf. Fig. 1 ). The number of cluster stars in the surveyed area is 593. We will refer to the stars of this catalog as JTH with a running number, while for the optically bright stars we will also use the DK acronym from Dachs & Kabus (1989) .
We have matched the positions of X-ray sources with the optical coordinates of the composite catalog. No significant systematic offsets were found between optical and Xray astrometry. By studying the distribution of the distances of matched sources, we have chosen a maximun identification radius of 7
′′ where the number of observed matches is similar to the number of expected chance identifications. We can estimate the expected number of chance matches uncorrelated with true cluster members at a given threshold distance by taking into account the star density of the optical catalog in the EPIC field of view and the number of X-ray detections to be matched; it yields 12 false matches at the chosen 7 ′′ radius, by integrating the line traced in Fig. 3 . The value of the adopted radius does not change significantly when matching the X-ray sources at small and large offaxis positions. A list of 239 matches with the optical catalog was obtained; five X-ray sources were doubly matched with close pairs in the optical catalog; 354 cluster members in the surveyed area remain undetected in X-rays and thus we have calculated upper limits to their X-ray count rates, fluxes and luminosities at the chosen detection threshold at the positions of undetected stars. Tables B.1 and C.1 list the detected stars and the upper limits for the cluster stars, respectively.
We have estimated a conversion factor (CF) in the 0.3-7.9 keV band between count rates (in units of the MOS 1 instrument, as obtained by the detection code) and unabsorbed fluxes, derived by the spectral analysis of the bright X-ray sources of the cluster (see Sect. 2.3); the resulting CF, used for all the cluster X-ray sources, was 9.5 · 10 −12 erg cnt −1 cm −2 . The 3 sigma uncertainty on the CF takes into account the dependence on the spectrum hardness and is ±14%; it would systematically shift fluxes and luminosities by +0.06 and -0.07 dex, respectively.
To obtain the luminosities we assumed a distance to the cluster of 387 pc, as adopted by Jeffries et al. (1997) and Damiani et al. (2003) . This distance is slightly larger than the Hipparcos satellite estimate (346 pc); by assuming this latter the luminosities would decrease by -0.05 dex. Table 2 reports the number and the rate of detections for each spectral type (indeed for each range of B-V or V-I color as reported in the header of the Table) , the number of stars in the field of view, the medians of X-ray luminosities, also after correction for non members contamination (see Sect. 3.3) and the minimum of detected luminosity. The weakest source of the cluster is a M- type star, with a X-ray flux equal to 1.2 · 10 −15 erg s −1 cm −2 and luminosity of 2.2 · 10 28 erg s −1 . For comparison the Chandra survey of Damiani et al. (2003) led to a minimum detected flux among cluster sources of 2.75 · 10 −15 erg s −1 cm −2 in a very similar band. The choice of the CF and the distance does not result in a systematic difference between the luminosities obtained in the present survey and that of Damiani et al. (2003) conducted with Chandra (cf . Fig. 9) ; in Sect. 4 we discuss in detail the comparison of luminosities estimated with Chandra and XMM-Newton.
Uncertainties on X-ray fluxes and luminosities
We summarize here all the statistical and systematic errors that could affect our estimates of fluxes and luminosities. Count rates have relative errors in the 5%-30% range (as reported in Table A .1). The CF has a 14% uncertainty at 3σ level from fit of fluxes vs. count rates, essentially due to the effect of source spectrum temperature on CF. The scaling of pn to MOS introduces an uncertainty of ∼11% i.e. fluxes and luminosities can be systematically higher or lower by -0.03 or +0.015 dex, respectively. The different distance estimates given in the literature should systematically shift the X-ray luminosities by -0.05 (346 pc, Hipparcos distance) or +0.022 (for a distance of 407 pc, Terndrup et al. 2002) . All these sources of uncertainties could balance themselves, the errors in Table B .1 may suffer an additional systematic uncertainty of ∼ ± 0.07 dex in flux and ±0.08 dex in luminosities.
Spectral analysis
We used EPIC data to investigate the spectral properties of the NGC 2516 stellar coronae in terms of relevant temperatures and emission measures. The pn has the highest efficiency in collecting X-ray photons among the three EPIC instruments, hence we have used the data from each pn exposure by simul- Table 2 . Number of X-ray detections, number of stars in the EPIC field of view, medians of log L X distributions (we report also the values corrected for non member contaminants in G-, K-and M-type stars, see Sect. 3.3) and minimum detected luminosity for B, A-, F-, G-, K-and M-type stars of NGC 2516. The selection of the spectral types is reported in the Table header. In cases where the rate of detection is < 50% only an upper limit to the median is reported. taneously fitting the X-ray spectra observed in different exposures. 1 In order to perform a spectral analysis with a global fitting technique. we have accumulated the spectra for sources with more than 500 total counts in the sum of datasets. For 31 sources with more than 1000 counts in the summed image, the photons were extracted within a 30
′′ radius circular region centered at the position of the source, and the background spectrum was accumulated in annuli (with radii of 35 ′′ and 45 ′′ , respectively).
For 7 sources with counts between 500 and 1000 total counts we chose to accumulate counts in a 20
′′ radius region and to fit spectra without background subtraction, considering that background photons are reduced to 44% in this area with respect to the area of radius 30 ′′ , whereas the source encircled energy is reduced from 80% to ≃ 70%. In this way we expect to reduce the contamination of the background spectrum and to save most of the source photons without increasing the uncertainties due to background subtraction. We have tested this procedure in a few cases finding that the background subtraction increases the relative error of fitted parameters by more than 30%, while the best fit temperature slightly decreases within the uncertainty range. The background photons are ∼ 60 ± 30 in the 20 ′′ extraction area, the actual number depending on the source off-axis distance. We have also included sources with only 500 counts to reduce possible biases introduced by considering only higher count statistics, hence higher activity stars.
The spectra of sources with the highest statistics were fit in most cases with a sum of two APEC models plus photoelectric absorption. After having tried models with the absorption and the abundance as free parameters, we fix the column density value to N H = 8 · 10 20 cm −2 , consistent with estimates from photometry (Jeffries et al. 2001) , and the abundances to those at0.3 Z ⊙ because we noticed that under-solar abundances are always obtained, leaving thus as free parameters the two temperatures and emission measures. The spectra of low statistics sources were fit with one APEC model, with as free parameters the temperature, abundance and emission measure and a fixed absorption at N H = 8 · 10 20 cm −2 , as chosen before. Results 1 In some cases we have excluded spectra with very few photons so for each source we do not always fit simultaneously all the spectra from the six observations. (2001) and Dachs & Kabus (1989) . Large dots are X-ray detected stars.
from spectral fitting are reported in Table 3 and discussed in Sect. 3.2; errors refer to the 10% -90% χ 2 confidence range.
Discussion
3.1. X-ray emission along the Main Sequence 
X-ray spectral properties
The sample of stars for which we have analyzed the spectra contains by solar G-and K-type stars and hot, massive B-and early A-type stars. We were unable to analyze the spectra of stars with B-V∼ 0.4 (late-A spectral type stars) because of their lower X-ray fluxes and hence spectra with poor statistical significance. The models we used are too simple and unrealistic; a distribution of plasma temperatures would be more realistic. However we can deterrmine the dominant temperatures of the coronae as is usually done with low resolution X-ray spectra. In Fig. 5 we plot the temperatures derived from global fitting as a function of B-V color. We were able to fit most of the spectra of solar type stars with 2 temperature models. High energy tails of spectra have very few photons, consequently hot components have been estimated with large errors. The temperatures are in the 0.3-0.7 keV and 1.0-2.0 keV range, and are similar to those detected in the coronae of Pleiades and Blanco 1 open clusters, which are nearly coeval to NGC 2516 (Briggs & Pye 2003; Pillitteri et al. 2004) . The ratio of hot to cool emission measures in 2-T models suggests that the two thermal components are comparable, the ratio being between 0.5 and 3.0 with a median of 1.3. Spectra of all but 3 early type stars (B-V < ∼ 0.5) have low count statistics: we may obtain a good fit of them with 1-T models. In this case the temperatures lie around 0.6 keV, suggesting that the spectra are softer than those of solar mass stars.
The star DK 56 (a binary system with a B2V star and an unresolved late type companion) was bright enough in each observation to fit its spectrum with a 2-T model. We found a hot spectrum with temperatures of 0.8 and 3.0 keV and a spectrum shape similar to those of solar type stars. In the case of a wind driven X-ray emission, typical of massive stars, the spectrum is expected to be softer than in the case of coronae of solar mass stars. Therefore, based on the spectrum shape and temperatures, we suggest that the X-ray emission of DK 56 is likely due to or strongly affected by the late type companion. This is a conclusion opposite to that of Jeffries et al. (1997) who, on the basis of its high X-ray luminosity, attributed all the X-ray emission of DK56 to the massive primary. This system is a blue straggler of the cluster, younger than ∼ 25Myr (Dachs & Kabus 1989) . Based on this age estimate, these authors discussed the hypothesis of subsequent episodes of star formation in NGC 2516 determined by the crossing of the cluster through (Micela et al. 1999) . Solid gray lines in G-, K-and M-type stars are the distribution of detections alone. The gray area in G-, Kand M-type panels marks the envelop of simulated Kaplan-Meier estimators after statistical correction for contaminants; the black square inside each area is the average of their medians.
the Galactic Plane or the Gum Nebula. Given this age estimate, the high X-ray luminosity of the order of 10 30 erg s −1 is not an atypical value for solar-type stars of 25 Myr or less.
3.3. The X-ray luminosities of NGC 2516 late type stars
We have calculated the Kaplan-Meier estimators (Feigelson & Nelson 1985) of the distribution of X-ray luminosities for F, G, K and M spectral types. The distributions take into account the the upper limits in log L X that censorize the sample. When the lowest values are upper limits the distribution does not reach unity. Fig. 6 shows the X-ray distribution functions for F-, G-, K-and M-type stars of NGC 2516 (solid lines); for comparison we have added the ROSAT data of Pleiades (Micela et al. 1999, dotted line) and the distribution considering only detections of NGC 2516 (solid gray line). This is an upper bound to the true distribution which must include undetected members. The Kaplan-Meier estimators of Pleiades and NGC 2516 are different 2 . In particular, the luminosities of NGC 2516 of G-, K-and M-type stars are systematically lower than those of the Pleiades, the difference being larger for G-and K-type stars where the contamination of the optical catalog is higher than in the other spectral ranges, as stated by Jeffries et al. (2001) . Especially among K-type stars the Kaplan-Meier estimator and cumulative distribution of X-ray detections alone show the largest difference.
The contamination by less active field stars among G-and K-type stars in NGC 2516 hampers the evaluation of L X distributions of NGC 2516. However, the X-ray luminosities of detections alone of G-, K-and M-type stars are systematically lower than the luminosities of the Pleiades at a level ≥ 99% as obtained by applying several two sample tests. The distribution of detections alone shown in Fig. 6 may be interpreted as an upper limit for the true cumulative distribution of X-ray luminosity. If we were able to take into account the upper limits of only true cluster members, the Kaplan-Meier estimators should be at lower luminosities with respect to the distribution of detections alone.
We have evaluated how many field stars are expected to fall among our X-ray detections. We focused on the main sequence field stars expected to be in a volume determined by the photometric selection of the cluster Main Sequence and the sky area of our survey. By using the stellar density given in Cox (2000) , Table 19 .14 (valid for stellar density on the galactic plane, NGC 2516 is ∼100 pc above the Galactic Plane) we estimated 11 and 19 G and K-type main sequence field stars in that volume and not related to the cluster.
From the X-ray luminosity distributions reported in Schmitt et al. (1995) and Schmitt (1997) G-type field stars have log L X /(erg s −1 ) in the range 26.5-29.5 with median 27.3; Ktype stars occupy a narrower range (27.1-28.4) with a median of log L X /(erg s −1 ) = 27.6. M-type stars in the solar neighborhood have luminosities 25.5 ≤ log L X /(erg s −1 ) ≤ 29.1 and a median of log L X /(erg s −1 ) ∼ 27. Hence we estimated that less than 3 field stars in each spectral type should have been detected among the photometric sample (at the same time a sample of 10 to 18 stars should be undetected in the surveyed volume). More distant giants should not be detected and thus they should not affect the distribution of detections alone. The expected field star detections are thus very few compared to the number of detected cluster members in each sample (52 G-, 74 K-and 59 M-type detections), thus the distribution of detections alone should not be affected by field stars. We have taken into account the expected fraction of contaminants given by Jeffries et al. (2001) in order to estimate unbiased X-ray luminosity distribution functions of NGC 2516 G-, K-and M-type stars. By following the method used in Damiani et al. (2003) , we excluded a fraction of upper limits from the X-ray luminosity sample in each spectral type according to the membership probability and assuming that the contaminants yield only upper limits; then we calculated the Kaplan-Meier estimator. This simulation procedure was iterated 500 times producing thus the bunch of curves plotted in light gray in Fig. 6 and which define the region where the true distribution function should lie. Only in the case of G-type stars do we observe a larger difference between the curve with upper limits and the family of contaminant corrected curves. In the K-and M-type stars the large number of upper limits is less affected by the statistical correction for contaminants. In all cases the gray region is at lower X-ray luminosities than the Pleiades cumulative distributions.
The averages of the 0.5 quantile of each simulated curve are marked in each panel with a black square; the log L X /(erg s −1 ) values are 29.04, 28.82 and 28.68 for G-, K-and M-type stars, respectively; the width of the gray region at the 0.5 quantile is ∼0.05 dex which we assume as the uncertainty on the previous averages. Güdel (2004) and Favata & Micela (2003) discuss Xray emission as a function of age for stars from young stellar objects to aged open clusters and the Sun. We have plotted in Fig. 7 the medians of log L X for F-, G-, K-and M-type stars reported by Güdel (2004) and our log L X medians (after contaminant correction) for the same spectral types as a function of age. We have assumed here an age of 140 Myr for NGC 2516. We see a decrease of the mean level of X-ray luminosities with age, after a plateau at ∼ 10 30 erg s −1 which extends from Orion and Taurus Star forming Region ages (few Myr) to Alpha Persei cluster age (50 Myr). The X-ray under-luminosity of NGC 2516 with respect to the nearly coeval Pleiades remains evident, even taking into account the statistical correction for non member contamination and any systematic uncertainty discussed in Sect. 2.2.
The causes of the different levels of luminosity of solar type stars in NGC 2516 and the Pleiades could be attributed to several factors. Rotation is a key parameter for X-ray emission (Pallavicini et al. 1981) up to rotations as fast as v sini ∼ 20 km/s, when the L X -rotation relation flattens. Furthermore, angular momentum losses due to magnetic braking link stellar rotation to age and X-ray activity. A different distribution of rotation rates in the Pleiades and NGC 2516 could explain the low X-ray luminosity observed in the latter cluster. Jeffries et al. (1998) studied the stellar rotation of solar type stars of NGC 2516, finding a lower rotational rate in F-early and Gtype stars with respect to the Pleiades whereas no clear difference between these two clusters was found among K-type stars. However Terndrup et al. (2002) concluded that no significant difference in rotation distribution is present between the Pleiades and NGC 2516, if this latter is assumed slight older than Pleiades. The under-luminosity of NGC 2516 in X-rays seems to arise essentialy from the slight difference of age between the two clusters (80-100 Myr for Pleiades, 140 Myr for NGC 2516), although the past history of NGC 2516, its location and kinematics could have played a role in determining peculiar forming conditions, perhaps different to those of the Pleiades with an influence on the X-ray emission evolution.
L X to L bol ratio
An indicator of activity is the ratio of X-ray to stellar bolometric luminosity, log L X /L bol . Because of the dependence of X-ray luminosity on rotation, the log L X /L bol ratio follows a power law relation of index -2 with rotational period and the Rossby number, i.e. the ratio between rotational period and convective turnover time in non saturated stars (see Patten & Simon 1996 , Randich 2000 , Pizzolato et al. 2003 . ROSAT observations of young open clusters in the band 0.1-2.4 keV have also shown that low mass stars exhibit a saturation of this ratio at the level of ∼ -3, i.e. the X-ray luminosity reaches at most 1/1000 of bolometric luminosity of the star. Furthermore, saturation seems to occur at earlier types in younger stars (B-V= 0.7 or late G-type stars at the age of the Pleiades, B-V = 1 or mid K-type stars at 220 Myr, Prosser et al. 1995) .
We calculated the bolometric luminosities of NGC 2516 by interpolating L bol as a function of (B-V) based on an isochrone model with Z=0.02 and age of 140 Myr (Siess et al. 2000) ; for stars with (B-V) 0 ≥ 0.3 we used (V-I) color instead of (B-V). The log L X /L bol ratio flattens at (V-I) 0 ∼ 1.5 or (B-V) 0 ∼ 0.7, which corresponds to the spectral type K5, according to the color-temperature calibration by Kenyon & Hartmann (1995) and we observe a saturation value of log L X /L bol ∼ −2.5 instead of -3. A comparison with L bol used by Jeffries et al. (1997) shows that our L bol are on average lower by 0.1 dex for stars detected in both surveys. This difference would produce a shift toward high log L X /L bol ratio, while the trend and the spectral type at which the saturation of log L X /L bol occurs should not be changed.
Comparison with Chandra and ROSAT surveys
NGC 2516 has been observed several times with the Chandra satellite between August 1999 and March 2001 with different instrument setups; a deep survey was obtained by Damiani et al. (2003) combining several exposures from ACIS and HRC cameras. In that work 155 cluster stars were detected in X-ray while 570 remained undetected. There are 535 stars falling both in the XMM-Newton and Chandra fields of view; out of this sample we have detected 125 stars with the EPIC camera also detected with Chandra; a further 100 stars are detected with EPIC whereas they were undetected in Chandra images. Only 17 stars are detected with Chandra but not with XMM-Newton; 293 stars remain undetected in both surveys. In Fig. 9 we show the comparison of Chandra and XMM-Newton X-ray luminosities for the stars detected in at least one of these surveys. The plot shows that a scatter of a factor < ∼ 2 is observed in most cases; sometimes a difference of a factor 5 or more may be present also in a few massive stars (DK 55 / HD 66167, B9.5V + A0V; HD 66194 / DK 56, sp. type B2IV).
The upper limits marked by arrows in the lower right corner of Fig. 9 are stars undetected with Chandra but detected with XMM-Newton. This large number of upper limits is due to the sensitivity of our survey being a factor of ∼5 higher than the Chandra one. The maximum sensitivity is comparable in both satellite instruments but in Chandra the decrease of sensitivity at large off-axis angles is more marked. Both the large effective area of XMM-Newton telescopes and the more uniform point spread function (PSF) throughout the EPIC field of view result in a higher efficiency of the EPIC camera in detecting off-axis sources (thus in a larger sky area) than ACIS and HRC detectors. Chandra has a higher spatial resolution near the center of the field of view, but its PSF profile rapidly degrades at increasing off-axis angles thus reducing the efficiency in detecting faint sources.
The Sun activity is characterized by the 11-yr cycle. The maximum variation of amplitudes in the Sun cycle is a factor greater than 20. In order to study the time variability on time scales of about 12 years we have compared the X-ray luminosities of NGC 2516 stars falling in the field of view of ROSAT observations taken in 1993 and analyzed by Jeffries et al. (1997) . This time scale should allow us to detect stellar cycles present in NGC 2516 stars with amplitudes and periods similar to those observed on the Sun. (Damiani et al. 2003 ) measurements of X-ray luminosities of NGC 2516 stars detected at least once in the two surveys. Error bars are the statistical uncertainties; the horizontal arrows mark upper limits for undetected stars in Chandra, while vertical ones refer to XMM-Newton undetected stars. Solid, dashed and dot-dashed lines trace the equal, two and five times (and their reciprocal) ratios. We indicate the names of a few stars with large variability, JTH are from Jeffries et al. (2001) , while DK refers to Dachs & Kabus (1989) plotted, the latter obtained from Jeffries et al. (1997) . The lowest L X detected with ROSAT is ∼ 10 29 erg/s. Only two stars detected in both surveys, JTH 9465 (also JTX 138 in SIMBAD) and JTH 10817 (JTX 114), changed luminosity by a factor between 2 and 5, due to flare variability during one of the six XMM-Newton observations. The variability of these two stars is discussed in Ramsay et al. (2003) . Another four stars (JTH 10863, 10871, 12649 and 15514) , undetected by ROSAT, are interesting because they are variable in the XMM survey by more than a factor of two with respect to their ROSAT upper limits. Most of the stars have variations within a factor of two. The modest variability on long time scales has been reported by Wolk et al. (2004) , in a study of X-ray time variability of NGC 2516 based on Chandra data. These variations are smaller than expected in the presence of solar cycles and strongly suggest that cycles in young stars are absent or have different periods and/or smaller amplitudes than those observed in the Sun.
New possible members and unidentified sources
A number of X-ray detections have optical photometry consistent with the membership of NGC 2516. On this basis these stars could be cluster members. range between 3.7 · 10 28 and 1.5 · 10 30 erg/s. In Table 4 we list the main properties of these objects.
A few X-ray sources do not have counterparts in optical or infrared bands. After having searched for optical counterparts of the X-ray sources in GSC-II, 2MASS and DENIS and the complete catalog of Jeffries et al. (2001) , 49 sources are left without optical/infrared known counterparts. We have marked these sources with a U in the last column of Jeffries et al. (2001) catalog, X-ray source number as in Table A .1, V, B-V, V-I, match distance between X and optical position, flux and X-ray luminosity in 0.3-7.9 keV, calculated by assuming them as cluster members. 
Summary
We have presented results from a deep X-ray survey of the young open cluster NGC 2516, obtained from a series of six XMM-Newton observations. The source detection has been carried out on the sum of EPIC MOS and pn images with a wavelet transform code (PWXDetect). We have reached fluxes lower by a factor of 5 or more than Chandra observations carried out in the same epoch. We have detected 431 sources, 234 of them have as optical counterparts 239 cluster members, five X-ray sources match as many close pairs. X-ray emission of spectral type from early B down to M-type stars has been detected; the coolest detected stars have spectral type M5 and T e f f ∼ 3000. We have investigated the X-ray spectral properties of cluster stars through 1-T and 2-T models to estimate the dominant plasma thermal components and emission measures. For 1-T models we find temperatures around 0.6 keV. In 2-T models the temperatures are in 0.3-0.7 keV and 1.0-2.0 keV ranges in agreement with the temperatures found in nearly coeval open clusters like Pleiades and Blanco 1.
For each spectral type F, G, K, M we estimated the maximum likelihood distribution of X-ray luminosities taking also into account the upper limits for undetected cluster stars. G-,K-, and M-type stars are under-luminous with respect to the Pleiades in the same spectral range. Possible biases due to contaminating field stars are discussed and statistical corrections have been made to X-ray distribution functions. We conclude that the NGC 2516 solar type stars are definitively less luminous in X-rays than the analog Pleiades. The differences could be attributed mainly to the slight older age of NGC 2516 (140 Myr vs. 80-100 Myr of Pleiades), less probably to a lower rotation rate. The past cluster history could also have a role in determining X-ray emission.
By comparing XMM-EPIC and ROSAT-PSPC data we explored X-ray variability on time scales comparable to the solar cycle. We observe only variations in X-ray luminosities by a factor of 2-3. Along with what is seen in other coeval open clusters, this result strongly suggests that activity cycles of amplitude and periods like the solar one are not present in young Main Sequence stars at an age of ∼140 Myr.
We identify 20 likely new candidate members on the basis of their X-ray emission and optical photometry. 49 X-ray sources are left unidentified in optical and infrared bands and are likely of extragalactic nature and for them we provide finding charts. Appendix C: Online. X-ray upper limits of NGC2516 stars Jeffries et al. (2001) , V, B-V, V-I, exposure time (ks), upper limit to rate (ct/ks), flux and luminosities in the 0.3-7.9 keV band, log L bol and the ratio log L X /L bol . 
